Introduction: Age-disparate sex has long been considered a factor that increases HIV risk for young women in South Africa. However, recent studies from specific regions in South Africa have found conflicting evidence. Few studies have assessed the association between age-disparate partnerships (those involving an age gap of 5 years or more) and HIV risk at the national level. This study investigates the relationship between age-disparate sex and HIV status among young women aged 15-24 in South Africa. Conclusions: Our findings suggest that age-disparate sex continues to be a risk factor for young women aged 15-24 in South Africa at a national level. These results may reflect variation in HIV risk at the national level compared to the differing results from recent studies in a demographic surveillance system and trial contexts. In light of recent contradictory study results, further research is required on the relationship between age-disparate sex and HIV for a more nuanced understanding of young women's HIV risk.
Introduction
Young women carry a disproportionate burden of the HIV epidemic, accounting for one in four new HIV infections in sub-Saharan Africa [1] . In South Africa, national household HIV prevalence and behavioural surveys conducted triennially since 2002 have consistently demonstrated that HIV prevalence and new HIV infections remain elevated among young women [2] [3] [4] [5] .
High rates of HIV infection in young women have been attributed to the interplay between biological, socio-behavioural, and epidemiological factors. Having sexual relationships with men five years and older, referred to as agedisparate partnerships, has been identified as a contributing factor to the higher prevalence of HIV in young women in southern Africa [6] [7] [8] [9] [10] . The South African national household HIV surveys consistently find large proportions (around one third) of women in age-disparate partnerships, which highlights the potential importance of these partnerships for HIV risk.
Young women are thought to have greater likelihood of exposure to HIV when they have sex with older men compared to their male peers since older men have a greater burden of sexually transmitted infections including HIV [9] [10] [11] . In South Africa, the prevalence of HIV among men 25-54 years old was significantly higher than men 15-24 years old (20.9% vs 2.9%) in 2012 [5] .
Furthermore, unequal gender, race, and economic power dynamics amplified by age differences can lead to greater risk-taking behaviour among young women with age-disparate male partners, such as condomless sex [9, [12] [13] [14] , earlier age of first sex [9, 15, 16] , increased number of lifetime partners [9] , and multiple sexual partnerships [15, 17] . In addition, unequal power dynamics in age-disparate relationships make it difficult for women to negotiate safer sex and condom use with older partners [7, 12] , and young women's assertive behaviour in sexual relationships may result in physical or sexual violence from male partners [18] [19] [20] .
Despite the existing evidence that suggests age-disparate sex is an HIV risk factor for young women, two recent longitudinal studies did not find a relationship between age-disparate sex and HIV incidence for young women in two South African contexts: a study conducted from 2003 to 2012 in a demographic surveillance system site within the district uMkhanyakude, Kwa-Zulu-Natal, a small rural community [21] and a clinical trial study (VOICE) conducted with participants in three urban areas of Durban, KwaZuluNatal; Johannesburg, Gauteng; and Klerksdorp, North West province from 2009 to 2012 [22] . One explanation for these contradictory findings is that the specific contexts investigated differ from other settings, including the general national context. The VOICE trial was restricted to women willing to use highly effective forms of contraception, and the data analysis was limited further to women who reported a primary partner at enrolment [22] . The surveillance study setting in the district of uMkhanyakude is marked by extreme deprivation, high levels of migration, and extremely high levels of HIV prevalence and infection rates [21] . As a small, cohesive rural community in a longterm surveillance study, it is possible that young women may be more accurately informed of the risks of older male partners [21] ; this is supported by recent evidence that suggests risk of age-disparate partnerships is amplified for young women in urban compared to rural areas [17] . Finally, both the trial and surveillance contexts could be influenced by the frequency of HIV testing and other HIV services, and the increased awareness of risk through longterm interaction with researchers [23, 24] . Since the participants in both the surveillance and trial context may not be representative of the average population, it is unclear whether results are generalizable to other settings, including the national context.
Since the most recent national-level study investigating the relationship between age-disparate sex and HIV in South Africa is from 2003 [8] , another explanation for the contradictory findings could be that the relationship between age-disparate sex and HIV has changed over time. The risk of age-disparate male partners may have decreased since 2003 following the scaling up of antiretroviral therapy (ART). Older HIV-positive men aged 25-49 are more likely to be on ART than younger men, and therefore may be less likely to transmit HIV [5, 25] . Therefore, an updated analysis of age-disparate sex that is representative of the national context is necessary. In this study, we investigate the associations between age-disparate partnerships and HIV status among young women aged [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] 
Methods Data
The detailed methodology of the South African national HIV prevalence and behavioural household surveys has been described elsewhere [2] [3] [4] [5] . In sum, national population-based household surveys were conducted using multistage stratified cluster sampling. A systematic probability sample of 15 Responses from female participants aged 15 to 24 who reported being sexually active in the past 12 months were included in the main analysis. Responses from male participants aged 15 to 34 who reported being sexually active in the past 12 months were included for HIV prevalence estimates only. The 2005 The , 2008 , and 2012 surveys collected data on the age of women's most recent sexual partners (up to three) in the past 12 months, whereas the 2002 survey contained only the details of current partners at the time of the survey. The 2012 survey explicitly identified partners' sex thus allowing selection of male partners only for this analysis. As very few women reported female partners in the 2012 sample, the data for the 2002, 2005, and 2008 survey years are assumed to reflect young women in partnerships with men.
Measures
Partner ages were assessed by asking participants the ages of their recent sexual partners. Based on the UNAIDS definition [27], the binary variable age-disparate sex identifies young women who reported at least one of their recent sexual partners as older by 5 years or more (=1), with the comparator group identifying young women who reported no partner 5 years or more older (=0). Young women with partners more than 5 years younger were rare (under 0.5% reported partners 5 or more years younger across all four surveys) and were coded as age-similar since these partnerships are not assumed to carry additional risk for young women. Because of low numbers of young women who reported partners more than 10 years older (under 10.0% reported partners 10 or more years older across all four surveys), the analysis for age-disparate sex could not consider differences between partnerships with an age gap of 5-9 years to those with a 10 year or more age gap. Additionally, a continuous measure of aged-disparate partnerships was created as the difference in years between the respondent and her partner. To minimize the influence of outliers in regression analyses using this continuous measure, respondents with a partner 2 or more years younger were assigned the value −2 and respondents with a partner 16 or more years older were assigned the value +16 (under 3.5% of partners were younger by 2 years or more and 2.5% of partners were older by 16 years or more across all four survey years). Notably, very few women reported having multiple sexual partners (less than 6% of women reported more than one sexual partner in any survey year); therefore, the analysis is largely based on the respondent's most recent partner.
For our regression analyses we create several variables to control for potential confounding factors. In addition to basic demographic characteristics (age, race, marital status, and locality type) we included a measure of employment status given the association between wealth and both HIV status [28] [29] [30] [31] and the formation of agedisparate partnerships [6, 7, [32] [33] [34] [35] . We also created a set of sexual behaviour measures for each survey year. First, multiple sexual partners (two or more sexual partners in the past 12 months) was included as it is associated with HIV risk [4, 5] ) and the more partners one has the greater the likelihood of having any age-disparate partnerships. Second, condom use at last sexual intercourse was considered because of the association between condomless sex and HIV risk [4, 5] as well as age-disparate partnerships [9, [12] [13] [14] which could in part be explained by evidence that suggests older men seek younger women partners since they believe them to be HIV free [9, 35, 36] and younger women seek older men as they also believe them to be safer [37] . Third, age of first sex was included as it is associated with increased risk of HIV for young people [38, 39] and the formation of age-disparate partnerships [9, 11] . The marital status variable is measured in two different ways: firstly, married compared to unmarried for comparison across all survey years, and, secondly, married compared to cohabitating and single for further analysis in the 2012 survey year. In 2012 three additional variables were available and included for further analysis: number of lifetime sexual partners; perceived partner concurrency (obtained from the question: Do you think your most recent sexual partner had other sexual partners in the past 12 months?) as concurrency may be associated with age-disparate partnerships [40] ; and individual income in the past month.
Analysis
First, HIV prevalence rates are presented for all survey years for sexually active young women aged 15-24, young women who reported age-similar partners and those that reported age-disparate partners. HIV prevalence data is also presented for sexually active men aged 15-24 and men aged 25-34. We selected these age ranges for men as the majority of young women's age-similar partners will be between 15-24 years old and the majority of young women's age-disparate partners will be between 25-34 years old. The upper bound was 34 years old as the majority (95%+) of all young women's partners in our data were younger than 35 Table 1 . Most women were aged 20-24 years old, black African, single or unmarried, living in urban formal or rural informal areas, unemployed, and had secondary level education, whereas just over one quarter were students. Close to one-third of participants reported at least one age-disparate partner in all survey years: 39. Table S1 .
Bi-variate associations between HIV status and control variables are displayed in Supplementary digital content Table S2 . Women who reported any age-disparate partner had significantly greater odds of prevalent HIV infection compared to those with only age-similar partner The findings from the multiple logistic regression analyses of the association between age-disparate sex and HIV status for young women aged 15-24 in 2002, 2005, 2008 , and 2012 are presented in Table 2 . Having had age-disparate partnerships significantly increased the odds of being HIV positive for young women aged 15-24 in 2005 (aOR = 2.11, p < 0.01) and 2008 (aOR = 2.02, p < 0.01) compared to having had agesimilar partnerships. After repeating the model for 2012 including three additional control variables, the relationship between our binary measure of age-disparate sex and HIV status was found to be statistically significant at the 10% level (Model 2012 (B): aOR = 1.53, p < 0.1). Table 3 The full models of the multiple regression analyses are presented in the Supplementary digital content (Tables S3  and S4 in Additional file 1). Sensitivity analyses showed that the results remained consistent when the analysis was restricted to most recent partner only (Supplementary digital content, Tables S5, S6 and S7 in Additional file 1). When restricted to black African women only (Supplementary  digital content, Tables S8, S9 , and S10 in Additional file 1), the relationship between age-disparate sex and HIV status increased substantially in 2002 and was statistically significant (aOR = 2.39, p < 0.05) whereas in 2012 the relationship decreased and was not statistically significant (aOR = 1.24, p = 0.39). The relationship between partner age difference in years and HIV status also increased in 2002 when restricted to black African women only and was statistically significant (aOR = 1.21, p < 0.01), whereas the results from other survey years remained similar to the original findings. [5, 25] , who are more likely to be recently infected, not on ART, and highly infectious. Overall, this study supports the hypothesis that, at a national level, age-disparate sex has been and may continue to be a risk factor for HIV infection among young women 15-24 years old in South Africa. These findings are in line with previous research [8] , and are supported by the recent data based on molecular epidemiological evidence suggesting that age-disparate sex increases young women's risk of HIV [41] . Based on HIV phylogenetic analyses, this study showed that the high HIV prevalence in young women is driven by sex with older men (on average Age-disparate 5+ yrs (vs age-similar ≤4 yrs) All analyses were adjusted to account for the complex study design (i.e. stratification and clustering) and for non-response (by using weighted data).
8.7 years older) who themselves had partners who had HIV prevalence rates greater than 60% [41] . However, this recent phylogenetic study and our results differ from those in a recent surveillance study [21] and a clinical trial [22] which found no association between age-disparate partnerships and HIV incidence among young women. Differences between study results may reflect variation in HIV risk in community contexts compared to the national context, and differences in study sample and design. It may also reflect differences in the outcomes used: HIV incidence compared to HIV prevalence. The temporal sequence of causation is more difficult to interpret in prevalence than in incidence studies. Several potential limitations of this study should be considered. Social desirability and recall bias might have influenced self-reported measures of sexual behaviour, and there is the potential for error in reporting of partnerships [42] and partner's age [43] . Although we found positive associations between HIV status and age-disparate sex for young women, causality cannot be inferred due to the cross-sectional nature of the study. Furthermore, transactional sex is a potential confounding factor in the relationship between age-disparate sex and HIV; however, since transactional sex was not adequately measured in any survey year we were unable to include it in our analysis. Additional potential confounding factors may exist that were not measured or included in the models. The generalizability of the 2002 results may have been affected by excluding participants with missing data from the analyses. While our results suggest that age-disparate partnerships increase risk for young women aged 15-24, this association may not hold for older women, especially since the proportion of HIV positive men increases with age only until age 40 after which it subsequently declines [5] . Further research is needed to explore whether age-disparate sex is a risk factor among older women.
As our results suggest that age-disparate sex is a risk factor for HIV infection among young women aged 15-24 years, interventions to reduce the risk that age-disparate partnerships pose for young women may be warranted. However, caution in the interpretation of our findings and how they are used to inform policy and programmes is recommended. In recent years, it has been questioned whether prevention messages discouraging age-disparate relationships should continue [44] [45] [46] [47] [48] and whether such messages risk stigmatizing young women who engage in these relationships [49] . However, the media continues to sensationalize "sugar daddies" and "blessers" with individual narratives about vulnerable young women [50] [51] [52] and the current intervention strategy appears to continue the same approach of simply discouraging young women from engaging in such relationships [53, 54] . Instead, we need research and intervention strategies that seek to understand and address the underlying conditions that make young women especially at risk in sexual relationships with older men, for instance financial, educational, and social vulnerability. Transactional relationships have been long understood as a primary motivating factor for young women to engage in sexual partnerships with older men [7, 24, 32] , since economic asymmetry gives older men even more power in negotiating sex with younger women who are financially vulnerable [15, 55, 56] . A recent intervention providing cash transfers to increase young women's economic independence had success in reducing the risk of HIV infection [57] . Expanding such interventions to address young women's financial, educational, and social vulnerability on a broader scale could have the potential not only to reduce the HIV risk of agedisparate partnerships but also to increase young women's general wellbeing in South Africa. Biomedical research and interventions such as access to pre-exposure prophylaxis (PrEP) should also be prioritized for young women and girls.
Finally, the majority of research studies, prevention strategies, and media attention on the topic of age- All analyses were adjusted to account for the complex study design (i.e. stratification and clustering) and for non-response (by using weighted data).
disparate sex have thus far focused attention on young women in these relationships, instead of their older male partners. This approach risks not only further stigmatizing young women but also overlooking the role of men. Further investigation is necessary to understand the profiles of older men in sexual relationships with young women, who the "sugar daddies" (and "blessers") are and whether their power in relationships with younger women differs depending on their relative age, education, or socioeconomic status. The motivations that drive older men to seek out young women in sexual relationships with especially skewed power relations need to be better understood. Moreover, efforts must be scaled-up to screen men for HIV and initiate HIV positive men on ART, as well as encourage men to undergo medical male circumcision and use condoms.
Conclusion
In conclusion, our study provides evidence to support the continued identification of age-disparate sex as a risk factor at the national level for young women in South Africa. In light of recent contradicting study results, additional research is required to investigate the role that age-disparate partnerships play in young women's HIV risk. Specifically, there is a need for further community level longitudinal and qualitative research in different areas across the country for a more nuanced understanding of age-disparate sex and young women's HIV risk. 
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